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^i42s°j 7? §oti 21m mm , ^as ni60£2i t?§ 



[4==£S] 
PIMSS] 



IS 311] 



^] 



[S¥A1W] 



oil si m mm&Mm &=?muci. ssiej 
onm«8&i ^ms\m (ej) 



27 e 38,000 s 

o s o si 

0 2 0 SI 

20 S 749,000 S! 

787,000 SI 

393,500 SI 

LQQfAH ■ SAH/H(Effl)_1S 2.e^^lS^l^aAIS§ XII 25 



Oil 2| & 



4:31 SOII 5H if ^ 8 



ig6lfe AHW[A^ Ws^sAI- 



1S. SISIS^OIS^W^^AH 
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^ igx$6\] ffl-*m§ *Kb^l ^^A^r *2fl3 P-AlInGaN^ $W *fl 1 

*fl ^ *fl I** *fl P-AlInGaN**H * 2# ^4-1 *1 

!* ^o|5V M ^ 4 ^^-1 100 -fri^S*^ -^pH 

3715. %*\ ^5L^ ^*Hr ° W1 M * 2 * 

o] jl** 7l**l ifl^Ml 7fl^*H tf*fc*M 

w|5L*M sjJf (External Quantum Efficiency)-!- '11^ *r °^ 01 



5a cr. 



GaN, 9]^#x}jL-£, SiC, SiCN, CN, LED. rough surface 
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Hl-^Sj-g- ^^di^Xm-Nitride Compound vSemi conductor Light 



<i> 



<2> 



<3> 



<4> 



o> 



<6> 



<7> 



Emi tt ing Device} 



<8> 
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1-8: ^-al^V^, f^fl^l 1^4^Hr. 4^°H 71^(10) 

2 )o] nfl a>a] ^sp JI *m°.iL Af-g-^ ^^#(15, 17, 18)-g-8r ^ ^ -f 

6|| Ajtq-(16)* ^l^^. °1 12^3^ AlInGaN3l 

#51*11 ^^7H) 9X^^\ *l« ^ tlfe ^^°J -g-*fl^ §1-1471- 
yv^d-ol^^sl- ^i^al '§-7121-31 al-^-^-i-(Dielectric constant )*r°l 3- < ?l*V°i ^ 
^1 ^cl-ol^H.oflAl #3 ^ ^f^l ^ 

^-^l lH}*r7fl €t=K "W^lS Al InGaN^l t^ 6 l5LE£ Zl 

refractive index?!- ^ 2.55- ^^<H1 refractive index 1^ «1 J^H 1.5*1 

acl-. ttr&H <fl«fli*MS Al InGaN^l 1Q-#c}-°1 $L!=2\ «^^ 0 W 

€<4. °ia -Sfc 4^1- ^ W°<W:-§roi ^ Ml 

«cfl i^SM) SIS-S- i^>2l ^'A^ ^-7>2l ^ ^ ^ °H 

#*i ^-a- *m ^ ^ 
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<)2> 



§1 ^-BiH AlInGaNTfl W**Mr 7l€r3 tfl^Wfe S^M" -g- 

o]^ ^if 7fl>tfsKr aj-^ CreeAf^ ^-f ^-t^-^ ChipS. 

7l31^o_j;L 7)-?-*>^ 7fl^*l-7li e>JL, E£ fe^Hfe Chemical etching 

0^ Dry etching 7l** M* «* 7l,AdS> 

71 £ W. #<>Hfe P-#^1 A^j-A] ^aciq. « 7>^ flow^ * 



7)^ 30. ^oj ^HrSH}. mft Chemical ^ Dry <H133 7l^# 

^o. ^ ^0,1 -JL<H^i SUi-H. ^ LED 

9X°)*\ &m Sft*. ^ ^ 7 >^ *«Jt^Hs shh ^ 

£^ 7-1^7)1 tfE.-fe #<>1 * 

3*3 «|-^^, ae|v+ 7|M ^ 2 7i-g- 4**M 7 W 

037] fl4H* ^*1 #-1 **SM*> ir »" e M 
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X |.^ f^Hflo) m-^Spg- «V£.*f| iHhfc*}^ P-AlInGaN# $H1 *)1 N Sfe 

^ e1 ^- 7 VH>olH(SiC)# iEfe ^5^7>^°l S -4o]i£( S iCN)# ^ -7V^M-olH^- 

.g. it^oflA^ *)HsHr *#«H1 ^ ^ 2 ^ P-AlInGaN^ 

^-^-^l 100 -§-ii?.fi^1 ^"V^lH-S- =17] 3. ^ ^(island)* ^«Hr ^ 

GaN SHI (14) ^.e)S-7l-aVol^(SiC)^ ^^^MmHM^SiCN)^ 21 ^ 

7V^-i+olEii|.oli£.(CN)*S.S. t 1 ^^ 1*(20)°1 $#$3. 3 $H1 -S-^-i- 7]-^l 
AlInGaN#(21)«l tflX*| 0 J ^^«=>1^. 

^5flSl 11]-*) W «V£*11 ^>^-^7>2l P-AllnGaN# SHI *ll "lf 1 ^ N 5&tt P^ 
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o]S.{CH)%"$ fgA^i, ^ofl tflSflAi ^Hl^l 7l#2TV^ ^r^r 

<i«> 1. Si a C„# *§ A <3. 



<19> 



(Metal Organic) $J^«?1 DTBSi# Affr^^ , ^ 4:^3. ^r-fM 



(Metal Organic) 



^9) CBr 4 fl- ^**>S^. °1 



^^ofl^i l^sfl'r IH^M vl^sl SilU^ Hydride 



source 



u} a. ^^oflA^ SiC^-i: *8^*HrHI $1°^ *>•§- Source* DTBSi^r CBr 4 5L ^ 

^o. ^ ovqcf. AlInGaN* SiC** M*!** fl°W 

SiCM A >-§-*r*l #AM SiC** ^ 

^-^RVol *£7> ^SLS. 3*7^ ^1 AlInGaN-IHH 

*&717> <>Uh*al M ofl A1> m, Ga* 1*** ** ^ 

S*h *1^M1 M«*<>1 qia 3***1 »W8*<>1 *7V*^H. 



<20> 



^ ^ofl tcl-S SiC-^ AlInGaNt- *HI ^ 7 d^l ^ (amorphous) , 



^(poly-crysta». 4«*«Cry.Ul> «W °> 
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<21> 



<22> 



<23> 



5Etb, SiCM ^#£r.Exr, AlInGaN^ ^St^^l ^#£2. 

700 °C 1200 °C °l§M-H-3., 500 C C°1^- 1100 °G °1 *r3. °rfe <fl°l Hr^*^- 

ol^iL ^SVfe uHWr^. ^7} ^$1*1^ 3H1 ^^fe AIInGaN# 

£ A^ol ^Sfl*l4r 1«W 4S§V7fl ^4- i4»}*l 

>11 Hltt SMM 3i*r SiC AlInGaN#^ 

^s\o] nfl ml; %^ m^-o] .^slTfl ^cf. Or^i =1 -t-^III- 1000 -g-^H-f- °1 
^ ?A°] uj-^sm. 



m. P-AlInGaN *M K-SiC**.-Stf* 3 + F ^ "l**^ ^° fl 

<24> 2. SicCdNe^ 1 



<25> 



(Metal Organ 



ic) <y^-«y DTBSi-i- *r-§-«l -fl-a-H • ^ "n" 7 ' 



(Metal Orga 



nic) CBr 4 * ^V-8-*>3l ^ 2^ 
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*i €^--3l)7> ^Tfl <a<H u l- A i 7]^S\ OW SiH 4 ^-^ Hydride source* 3H1 

SiCN^-i: ^SKr^ 3 Aj-g- Source* DTBSi , CBr 4 , NH 3 Sfe DMHy 

SLS. Sl^sHr ° r i-m. AlInGaN# 3H1 SiCN#-gr ^#tr ^-f ^ W^lS 

<r 51 ^f. ^ SiCN «W8# 5^ *l^il5L ^ 

7YA -g^BS. AlInGaN#s) ^ ^ $^1 €4. 

SiCf^ Hlii*H SiCNf-lr ^-f ^ *^ ^-#*r<*l SiC^ 

AlInGaN^^ -S-l^ lgolMfe SiCf^lM" SiCNM %-<j- -& * r °l7 r 

a. y^ofl afs. siCN^^r AlInGaN^SHl ar&r (amorphous). -4 

(poly-crystal), (Crystal) ^g^S. ^"$^1 <r?r $Ui}. 

^23*1 SieCaNe^ c.d.e *r 0°l ^ 71-^. £1^<H1 

*)-€• SiCN^Sl AlInGaN^ U^S! ^3>fr£ 700"C°1^ 1200TC°|*|- 

I£?V, £ *r-& SiCNM 5 -g-^^B-f- 1000 -g-^L^S-^ 

?M H>^-2l*>4. ^^17V ^mi^n^- ^^AlInGaN# 
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<28> 5F.13:, £ #^<Hl «r-S- SiCNM l-£HlK°l]: 

^ cqs^o.^. S^-g- §>^1 ^^-^^.5. N^Sl 3-^5. tM§« *r 

Sic)-. P-Al TnGaN N-SiCN^^- ^-f M* ^ 

» 

<29> 3. C { \% 

oo> ^°l]^fc- CN#-£ ^sfl^i ?r-& ^ ±.^3. ^-^-R- 711- (Metal 

Organic) $J#<?1 CBr 4 » # 53^ ^ ■ ^ iiS <#5Lqo}, ■ 

♦ 

e^-o] ^1 ^1 tc^- oJ-p.Ljol- ^ ^|E^J^) iit ^H^r^l". CBr 4 # A >-§-tr 

6>, §>ol = si*} ^1)71- ^S).EL;sL SiC^ ^e) CN A^V^ofl e,}sj)S^ A I TnGaN^^ ^ 

<3i> C f N g #^r AlInGaN^SHl ^ (amorphous) , ^■ 

^^(poly-crystal), (Crystal ) t a 3€ ^ OT. 

29-11 



<32> 



<33> 



StK -g-^oll C t N g #^ ^^hfrS-fe, AlInGaNM <|JiSH&j°! ^^hfrS. 

700 'C°l^ 1200M*M 2.3., 5001: nQQV°]*\3. 3.°] vy&^tfr^. 



-7^*Hr ^ol aj-eV^] sj-uf . ^^7V ^-fl^^ ^1 AlInGaN** 

5£-323. C f N g #*> AlInGaNf^ H 6 !^ ^f^°l ^r-S- «Sl 



<34> 



81., a. ^efl ^ CfN g #Sl 2*9^. N-2^j=: -gi^l-frX 



tr. 



TgSr ^&2M" N#<U ^23- 7^ 



Sat}. P-AlInGaN 4H1 N-C f N g #^ 3* 



<35> 



M-olE^oliKSiCN)^ 31fe 7^ufo|H^o|n(CN)## MM E- 3a-3c^l 
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<36> 



^ !^ ^efls] AlInGaN^ &*J*1 ^<>R> ^ 

flc*. 5L 3afe I-t!^r^ *cH3€ 1#(31)^ ^0)0^ Al InGaNfr°l -S-^ ?\ 
xlai 5L«£(32)* ^ 3bfe ^ 1#(33)^ *W 

6fl AllnGaN**l 7>^31 2.<*(34)* ^ 3cfe 

cf5 ^o. 7> ^ li± AlInGaN^l 1^(35)3 $ flofl .g.^ 7>*m 

Ai 2.^(32,34)^- M-Bf^. ^o,| o}« JL*J^ 7Wr n^fc ^ 3a- 

3c^ 37Vxl 3* 5L^«- 3Ltttt 

^eflsl ffl-^5># «V^^1 ^^V^ p-AHnGaN# $H #°H A i *> 1 



91 N 



44 P-Al,Ga y In,N^ Sft^-M = M « °WH 

H 3a-3c«fl ^ 81*01 * l*(20)oj N at P ^ ^^HH(SiC)t 

(21)ol AlInGaN^ * ** M ^ 

os. * 2#(21)ol ^(island) 5L**3. *h*. o ]fe Wettingo] 

4 ^fe *4 flofl ».»* 3* *°1 **** **** * 



29-13 



e) AlInGaN#(32)ol ^1 ^H^OS)^ ^-f 

*H 1# M ^flS 2:71 AlInGaN# Seed7l- ^^^al zi^^- ^AiS. ^(34)-ir 

a\) ^ iL*l2\ ^gHt S-^^- *r 5UjI, 3= St ^1 

^?|) ^£.011 ^^.^ 

:£ 4^ -& ^^ofl u}-eH -S.^.^- 7M1^ AlInGaN^Sl x> ^ vj] ^ 

(SRM)2l ^H^H^. 5. 4^Mi g|£r -^--gr^l ^A^ii A 1 T nGaN^fr °] al <H-r- 

AlGaInN#3 ^Hl ^ ^ Si^. 3.^41 A^o] %t$z\o] <y- 

*r sa^. SHH ^i-S- °1$>W S^/t^H t-^)^ 9i3 *\ 

£ 5a-5bfe £- #^°fl .*g^€ -S.^^- AFM#til# °]-§-*H ^JU: S. 

o|p]^o|t^. AFM ^w|^ ^oflAi <a^-*V SEM#«1^- ^ §£r 3*}-€ 
o] n) # ^J^*] <£-g- Sl^r ^S-ajoltf. £ 5aTir J2.^^ 7>^lfe <^^^ 1.5um x 
l.Gum'S^l X<£ o)v)x\o]r±. =l 3.7)7} ^<HH ^ n>o)a^-^l t}<#tb 3L<$o_ 
jS. ^5)<H &-g--§: t£ ^ 5bfe £ 5a °M*1S1 cj-i^ profiled M-bJ-hS 

. . 29-14 



o] 2 y|l o].a o i- ^7}-^4- -T- l^si -T-tIHI rq-e^ .3.^0] ^sfl^i 

% ^ io -g-zL^n* ^eltt ^-f, *fl ^*fl Sic* ^ 20 -g-zi^n^- ^el* 

$ ^Jfo]tq-. olufl SiG^^lt- ^^Ht 7|HVJ^L <& ofl^olnl, ^X||3}iL5L ^ 

a. ^6\] t^-ej-Al .s.^ 7)-^m ^cfci^.^# Sl<H*l o}^^ ^ 

i. 

P-GaN# tftfafl, 1^*1 N^-^2l.S^> 0 l^(SiaC b )# Sfe N^-^^€^^V 
olBeM^(Si c C d N e )^ 3i*r N^--7}£^lSe}o|J=(CfN g )#(a,b, c ,d, e, f ,g * 0)€ 

5 -g-ZL^S* 1000 -S-ZL^Hf- n *1| 1# A\ 2t"^l 

P-GaK* (x+y+z=l ( 0<x<l,0<y^l,0^z<l)^ 100 -g-^M 5000 -§-^J= 

29-15 



<4?> -a*H 2. 



<48> m 



<50> 



oieej-o-lH-CSicCdNe)^ Sl^r P^-^M- 0 1S^<>1 ^ (C f N g )#(a,b,c,d,e,f ,g * 0)-lr 5 

-g-zi^H^- 1000 -S-ZLiJM- ^^-5Kti n 1% 2#°J P- 

GaN* (x+y+ Z =1.0^x^l,0^y^l,0^ Z ^l)* 100 ^^iSf 5000 -g-^B^ 

<49> 1^ 3. 



olHefoUKSi.CdNe)^ Site N^-^4°lB5}°lH(C ( N B )f (a.b.c.d.e.f ,g * <»-§: 

5 -g-n^n-s- <=>l^ iooo -s-zL^n* n xfl i# *fl 2#<a 

P-GaN^ (x + y +Z =l,0<x<l,0<y<l,0<z<l) * 100 *nAS* 5000 

H# 0^3. ^^SU *fl 2#*H1 3#*fl tfl^fe N-GaN^ (x+y+z=1.0<x< 1,0 

<y<l,0<z<l)^ 5 °1*>5. ^}*>te 

s ^te m-*** °1 *> s* 6 * E ^ M 
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<51> 4. 



olH £ >o'|^(si c C d N c )# Efe pfl-y>-&^l.E3l-6lS.(CrN g )^(a.b,c.d,c.f.g * 0)* 

5 &ZL£.HL%- °W 1000 ^i^t o)z}£_ zl 7]} 1% ^VHl 2%9\ 

MaK* (x^l,0^<L0<y<l,0<z^l)^ 100 *3iEf r>000 ^ 

■* ^fi aj| 2^*H *fl 3f^l *fl#*Kr N-GaN* (x+y+z=l ,0<x< 1 ,0 < 

y<l,0<z<l)-t- 5 -g-n--Hf- °W 200 *-T^Hf ol^s. #* 

°1*SM ^<9€ 
<5i> 5. 

<54> ^*H1 1,2.3.441*1 Sa<H*l. ^1 A** 7>*1* 5L^# 

I TO, "J*. ^> a*S. *. D ^ 

^{J 0.3. S}^ m-^SH-^^l W^>- 

• *7l -^HH ^ l* * ^1 2**1 ^ 
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^-^cfl^ *H|*}-7|| -^V^ # 

3t-g-§: '^flSJ-« 5U^. * *)l°JrS|-b t^*^ 

#7l ufl^ojt}. 
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5.3) lll-^S)-!- «>5.3l 3H1 P^ Jil-^S)-!- ^5.31^, =L^\ 

JL ^E-3|l? ^Itt S.-g*}xr m-^s]# «V5.^1 

-tfyl p^ m-^lsfg- «V5i^#4 <$y\ P^ tf-^-f 1 A V°H1 ¥°H, ^'A P^ 
^£.31^ $H ^^3! >£i:ig-S-s}-*S-M ^1 31 31 ^ 

€ -T-^l W^xr m-lJsl-i- a>£^l^il € 31 2fs-a- t-) jSL^-SRr ^^.IS. 
W?» 2] 

3] i *cHl Sl'H^i , 

31 7flS) ^(island) ^^-<H- X lfe 3-§r ¥J^i W-^S)- 

-i- «h£3l 

31 1 %H1 5a<H^, 

31 ^el^^uf 0 !^- (Si a C b ;a,b^O). ^el^-n-S-M-^l^el-o]^ (Si c C 

d N e ;c,d,e*0), J}^o]^o]n (c,-N g ;f,g*0)sL <>1^<H^ S-S-S-JfiH *|- 
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^£-^1^, US) 31 Al x Ga y In z N (x+y+z=l)ii o]^-^^ji, 

*i 3 ^i sa^H, 

61 

2<§^ P« M x Ga y ln,N (x+y+z=l)°J *Rr 111-*** 

7] 

*fl 5 1000 o]*}.^ 7}^1^ ^ * 
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8] 



i*£ 50or noor o)*}^ ^^1^1 ^Mfe 

13^* 9] 



4 



10] 



* 



HI 



4 



133 ^9" 121 
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13^3- 131 

^1 2%-& 100 oj^l- 5000, 01^0] if 7^] ^ 7>^1fe -^-ir 
IWtf 14] 

3*fl 2#2l ^Mtt Al x Ga y ln 2 N(x+y+z=l)^- € *ll 3#* ^ 5.^"*Hr 

I^Jt 1 * 151 

14 ~M XI 

^ 3^0. 5 jg-zL^^ o}^ 200 -^^1* 7Wt 3*^: 

161 

-s-^l 0.5L TTl-^Sl-i: ^S.^) U^i*}. 
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171 

*ll 1# *<W) ^V*^lfe Si SiH 4 , Si 2 H 6> DTBSi-2-IZ. ^l^M^ 5 

C CH 4 , C 2 H 6 , CBr 4 3- 2" 

o.S.-V-el S>^^ M-^l 0 H. N ^-g" i^Tr NH 3 , Hydrazine?)] 

» 

18] 

7i^-(io); 

7)^(10) $°)} «H*Wii): 

ol^^(ll) ¥°1^ Al x Ga y ln z N#(12); 

Al x Ga y Tn 2 N^(12) *W Al x Ga y In z N «^#(13); 

Al x Ga y In z N ^#(13) $H ¥ C >1^ Al x Ga y In Z N^(14); 

Al x Ga y In.N^(14) SHI ^tf**. ^^h»M 2= (Si a C b ;a.b+0). -S^ 
^^.ul-^EBVolHCSicCaNe ;c,d.e*6), ?>€r^lme>«»lH.(CfN « :f,g*0)S. °1^-<H 

^1 5-0.3.-^ &1 ^Bn^ -l-^s. o]^ 0 !^ i#(20); 
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iL ^5H, Al x Ga y In z Ni£ *1| 2^(21); 

N*8 Al x Ga y In z N#(12) flofl ^#(18);* 5L#*Hr ^ 

13^* 191 

*ll 18 W 5U<H A i. 

P^ Al x Ga y In z N=?-(14) ^ P^ Al x Ga y In z NSL 2^(21)^ GaNSl # 

PJn 1 * 20] 

*ii i8 *<hi 5H°h. 
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[51 11 



16: 0 
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[IE. 3a] 
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[51 4] 




IS. 5al 
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IS. 6] 




15- 71 



